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Patch aortoplasty repair of coarctation ofthe aorta has been 
performed since 1957 (I, 1 as an alternative procedure to 
resection or subclavian ap angioplasty. Several reports 
(3-4), however, have demonstrated a 5% to 25% incidence 
rate of aortic aneurysm formation 3to I8 years after patch 
aortoplasty, the primary complication f this procedure. Ina 
previous tudy (7), we prospectively evaluated 23 patients 
who underwent patch aortoplasty at the C.S. Mott Chil- 
dren’s Hospital between 1967 and 1984 and found a preva- 
lence of aortic aneurysmal dilation of 23%. However, there 
are no data documenting the natural history of aortic aneu- 
rysm after patch aortoplasty. The purpose of the present 
study was to evaluate he natural history of aortic aneurysm 
in these patients. Longitudinal data were obtained to identify 
evidence of possible progression ofaneurysmai dilation. In 
addition, we sought to elucidate t resence of new aneu- 
alien& and to risk factors for 
progressive snrurysmal dilation. 
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atients. The study group reported inour previous 
investigation (7) consisted of 29 consecutive patients valu- 
ated in the pediatric cardiology clinic between 1985 and 1986 
who had und e prior patch aortoplasty for coarctatio~ 
of the aorta weera 1967 and 1984). Initially, a chest 
radiograph, two-dimensional echocardiogram nd compu?ed 
tomographic s an were performed inthese patients an aver- 
age of 5.6 k I years (range 2 to 19) after surgical repair. 
Aortic dilation was defined as sbnormal when the ratio of the 
diameter ofthe repair site to that of the 
was ~1.5. Patients demonstrating abnormalities by ~o~i~va- 
sive studies underwent aortography to provide deft 
data regarding the presence ofaneurysm (angi phic aor- 
tic ratio zz1.5) (Fig. I). Patients were claG into two 
groups depending on the presence (Group A, n = 7) or 
absence {Croup 5, n = 22) of a~e~rysmal aortic dilation as 
defined by the aortic ratio. 
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Figure 1. The aortic ratio is used i\s an index of dilation iat the 
conrctntion repair site. It is cnlculMcd as the IX&O of the Iilrgest 
dimcter at the repair site (A) to the descending aorta di;rmctcr near 
the diaphragm (El. 
Late Follow-Up Study 
To provide longitudinal data regarding the natural history of 
these aortic aneurysms. all patients in Groups A and B were 
followed up on an annual basis in the pediatric cardiology 
blinic, with examination of chest radiograph. physical exami- 
yiation, measurement of blood pressures and documentation of 
!ymptoms if present. Informed consent for all invasive proce- 
dures was obtained from the parent or legal guardian. 
Group A. Follow-up aortograms were performed in all 
patients in Group 4 (patients with prior evidence of aneu- 
rysmal dilation), with the exception of one patient who had 
developed a serious reaction to contrast material and v.as 
therefore reexamined with nuclear magnetic resonance im- 
aging. Standard left heart catheterization with acquisition of 
aorfic pressure and residual csarctation gradient was per- 
formed, followed by biplane angiography. Measurements of 
the diameter at the aortic repair site and diaphragmatic aorta 
were performed by two observers (A.M.M.. R.H.B.) in both 
anteroposterior and lateral projections and the largest aortic 
ratio was calculated. In addition, to quantify growth of the 
normal aorta, a ratio of the diaphragmatic aortic diameter at 
late follow-up to that at the initial study (diaphragmatic 
aortic ratio) was calculated. The diaphragmatic aortic ratio 
was then utilized to compare the aneurysm diameter at the 
initial study with its diameter at follow-up to determine if an 
increase in aneurysm diameter could be explained by normal 
aortic growth alone. 
Follow-up posteroanterior and lateral chest 
radiographs were obtained from all patients in Group B. 
comparison of early to follow-up chest radiographs was 
petiormzd by one cardiologist (R.H.B.) and a decision was 
made as to the appearance of new or progressive mediastinal 
widening. In one case where change was suspected, repeat 
gable 1. Pertinent Clinical Data in 26 Patients ~~d~rgo~~g 
Patch Angioplasty Repair -~ 
Group A Group B 
(n=6) (n=20) p Value* 
Age at o:>eration (yrJ 5.73 i 1.47 4.39 + 1.19 NS 
Initial Ao rah 1.64 + 0.06 1.22 f 0.03 0.001 
(5.5 yr postop) 
Follow-up duration 4.17 + 0.17 3.88 4 0.26 NS 
from initial 
evaluation 10 
current study (yrl 
Currrnt a8-e (yrl 15.5 i 2.1 13.2 + 1.6 NS 
Systolic BP (mm Hg) 129 + 5.7 121 + 4.5 NS 
Residual pndienr 17 + 6.4 10 lr 3.4 NS 
(curreen~ study) 
(mm Hg) 
*p = NS al <O.OS. Dataare reported :.s mean value 2 SE. Ao ratio - ratio 
of aortic diameter at the repair site IO thar at the diaphragm: BP = arm blood 
pi~cssurs; pwlop = aficr operation. 
aortography was performed as in Grou 
ously documented the efficacy of ches 
screening tool with 100% sensitivity for the presence of 
aortic aneurysm. 
Data amalysis. Data are presented as mean value 2 I 
SEM. Comparisons within groups were pe~~rmed w 
paired Student I test and between groups with a 
Student t test. Statistical significance was obtained at p c 
0.05 and all tests were two-tailed. 
Clinical data in the patient groups (Table I). One patient in 
Group A underwent semiemergency aneurysmectomy be- 
cause of rapid repair site dilation 2 years after primary repair 
and was thus excluded from this longitudinal follow-up 
study. Two patients in Group B were lost to follow-up. 
Therefore, 26 patients form the basis of this report. 
There was a statistically significant difference in the initial 
aortic ratio between the two groups, as previously reported 
(7). Six patients (Group A) were initially identified with an 
aortic ratio of 1.64 2 0.06, whereas 20 patients (Group B) 
demonstrated no mediastinal abnormalities on screening 
examinations and had a documented aortic ratio of 1.22 + 
0.03 (p = 0.001). A normal aortic ratio of 1.16 + 0.05 was 
obtained from levophase aortography in 22 patients who 
underwent cardiac catheterization for a right-sided lesion 
(7). The time intervals from the initial evaluation to the 
present follow-up study were similar for the two groups. 
There was no increased incidence of septicemia, subacute 
bacterial endocarditis, hypertension or difference in residual 
pressure gradient between the two groups. All patients were 
asymptomatic. 
Croup A. Follcw-up left heart catheterization was per- 
formed in five patients in Group A and nuclear magnetic 
resonance imaging in the sixth patient. Compared with the 
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Figure 2. Aortic ratio determined by angiography in six Group A 
patients at initial evaluation and late follow-up 4.17 +- 0.17 years 
later. 
ted at the i~~it~a~ stu y (7), there was a 
significant increase in both aortic ratio and absolute diameter 
of the aortic aneurysm (Fig. 2 and 3) in five of the six patients 
in Groun A. The aortic ratio increased fro 
2.04 2 0.2 (p = 0.03), whereas the ab 
diameter increased from 2.5 + 0.3 to 3.4 L 0.5 cm (p = 
0.004). Examples of a~giogra~~ic progression 
rysms is demonstrated in Figure 4. Utihzin 
matic aortic ratio to define normal aortic grow 
Group A, the increase in aneurjl diameter was 236% 
greater than that predicted by nor aortic growt;, alone 
(p = 0.03). One patient in Group se initial aortic ratio 
of 1.7 had increased only to 1.8 
aneurysm at the repair site. The one patient in Group A who 
Figure 3. Absolute diameter of the repair site determined by angi- 
ography in six Group A patients at initial evaluation and late 
follow-up 4. I7 t 0. I7 years later. 
6.0 
-2.5- 
-3.6. 
1.0 
INITIAL FOLLOW-UP 
A, Aortogram from a 9-yea Id boy 2 years after patch 
ty. The aortic ratio was I .62. Aortogram from the same 
patient 4 years later at I3 years of age, demonstrating marked 
enlargement of the aneurysm. The aortic ratio was 2.23. 
manifested a decrease in aortic ratio (Fig. 2) is an I l-year old 
boy with a history of d-transposition of the great arteries and 
coarctation of the aorta. The initial ratio of I .5 had decreased 
to 1.29 at 7 years of follow-up, possibly explained by 
abnormal configuration of the aorta rather than true aneu- 
hest radiographs in Group A 
iastinal widening in the four 
patients with the greatest increase in aortic ratio (Fig. 5). 
Four of the six patients in Group A have undergone aortic 
aneurysmectomy without complication. At the time of oper- 
ation, pathologic evaluation revealed findings consistent 
with a pseudoaneurysm in two patients and a true aneurysm 
in the other two patients. 
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Figure 5. Left panel, Chest radiograph frOmI il 14-YCitr Old bOY 3 
ycnrs after patch aortopli~s~y, The aortic ratio ws I .7. Right panel, 
Chest radiograph from the same patient 5 years later at 19 Years of 
age, demonstrating marked enlargement of the aneurysm. The aortic 
ratio WRS 2.75. 
Group B. One patient in Group B demonstrated a mild 
increase in the repair site diameter identifiable on chest 
radiograph and underwent cardiac catheterization. His initial 
angiographic aortic ratio of 1.4 had increased to I.67 at late 
follow-up. No other patient in Group I3 has developed 
radiographic evidence of aneurysmal dilation at the site of 
coarctation repair. 
We previously documented a 23% prevalence of aortic 
aneurysm 2 to I9 years after repair in patients who have 
undergone patch angioplasty for coarctation of the aorta, 
data comparable to those from previously reported studies 
(3-6). We found no statistical association between the de- 
velopment of aneurysm and presence of hypertension, resid- 
ual pressure gradient, patch material (Gore-Tex or Dacron) 
or length of follow-up (7). 
r patch aortoplasty repair. The purpose of 
the present study is to evaluate the natural history of these 
aneurysms. Some cardiac centers have delayed surgical 
resection of these aneurysms in the hol;e that they may 
involute with time (8). This study serves to illustrate that 
spontaneous resolution of these aneurysms does not occur. 
We demonstrated that the majority of patients with angio- 
graphic evidence of repair site dilation and an aortic ratio 
2 I .5 will show progressive aneurysmal enlargement within 3 
to 5 years ‘after identification. In Group A patients, the aortic 
ratio increased from 1.64 k 0.06 to 2.04 t 0.2 at late 
foflow-up. In contrast. patients with an aortic ratio of < 1.5 
are less likely to experience progressive aneurysmal changes 
because only I of 20 patients in Group R demonstrated 
evidence of aneurysm formation at late follow-up (l? C 0.05 
vs. Group A). This fact, however, does not preclude the 
need for diligent yearly follow-up evaluation of all patients 
with patch aortoplasty repair of coarctation of the aorta. 
Previous studies. There have been few data reported 
previously regarding the natural history of these aneurysms. 
Sade et al. (2) observed an average 31% increase (range 16% 
to 66%) in repair site diameter from the immediate postop 
erative period in four patients studied 46 2 10 months after 
patch angioplasty repair of coarctation. The increase was 
attributed to normal aortic growth. Our data show a 44% 
increase in repair site diameter between the initial and 
follow-up angiographic studies. Our longitudinal study de- 
sign helps to explain the differences in interpretation. The 
initial repair site diameters reported by Sade et al. (2) were 
not based on angiographic study but rather were estimated 
from measurements of the preoperative coarctation diameter 
and the diameter of patch material utilized in the repair. The 
present study is the first to report serial angiographic mea- 
surements and clearly documents progressive aneurysmal 
dilation over time. Second, aneurysm growth identified in 
our study is excessive compared with the growth observed at 
the diaphragmatic aorta, indicating that the phenomenon is 
indeed progressive aneurysmal dilation rather than normal 
arterial growth. 
Pathology. The pathologic evaluation of the resected 
specimens in four patients revealed two true aneurysms and 
two pseudoaneurysms. both of which have been reported 
after patch aortoplasty (4.5). A true aneurysm may gradually 
thin and expand with time. Similarly, a false aneurysm may 
enlarge by progressive infiltration of the suture line by 
inflammatory cells. Regardless of the pathologic type, as 
aneurysmal dilation progresses, wall stress will increase 
(Laplace’s law), which in turn will promote further enlarge- 
ment of the aneurysm. 
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